Cloud point extraction was successfully applied to the preconcentration of phenothiazine derivatives, such as pericyazine (PC), chlorpromazine (CP) and fluphenazine (FUL), for gas chromatography (GC). Phenothiazine derivatives were separated from surfactants by passing the surfactant-rich phase through a cation exchange column after cloud point extraction, permitting the determination of the phenothiazine derivatives extracted in the surfactant-rich phase by GC. The optimal condition for the cloud point extraction of phenothiazine derivatives was also investigated using Triton X-100, Triton X-114, and PONPE10. Triton X-114 provided the most efficient recovery of phenothiazine derivatives among the surfactants used. The addition of sodium chloride and excess ammonia to the sample solution resulted in a decrement of the recovery of the phenothiazine derivatives. The proposed method was applied to the determination of phenothiazine derivatives in spiked human serum by GC. The recoveries of PC, CP, and FUL in spiked human serum were 95.1%, 87.1%, and 84.7%, respectively.
However, their determinations require separation and preconcentration steps before applying the above-mentioned methods, because of their low concentration in biological samples.
The most common methods for the separation and preconcentration of analytes of interest are the use of either liquid-liquid or solid adsorbents extraction. In these methods, however, it is difficult to exclude proteins or lipids in biological samples. Moreover, liquid-liquid extraction needs to use organic solvents, such as chloroform and ether, which are toxic and hazardous. Recently, cloud point extraction has attracted much attention as an alternative method to liquid-liquid extraction. The cloud point behavior of surfactants (mostly polyoxyethylene-type non-ionic surfactants of the Triton Xseries) has been used in a pretreatment method prior to the determination of various inorganic and organic compounds. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Cloud point extraction has some advantages, such as inexpensive, high concentration efficiency, environmentally lower toxicity, simple procedure and small environmental pollution, over conventional liquid-liquid extraction. Upon heating a surfactant solution over a critical temperature, the solution easily separates into two distinct phases of an aqueous phase and a surfactant-rich phase. A hydrophobic analyte can be concentrated in a small volume of the surfactant-rich phase. The separated surfactant-rich phase can be directly subjected to HPLC or flow-injection analysis. 16, 17 However, since surfactants interfere with the determination of an analyte, they should be separated from objective components. 18, 19 In the present work, cloud point extraction was applied to the preconcentration of phenothiazine derivatives for GC analysis. The method for removing surfactants in a surfactant-rich phase before a GC measurement was developed. The optimal condition for the recovery of phenothiazine derivatives by cloud point extraction was also investigated. Moreover, the proposed method was applied to the determination of phenothiazine derivatives in spiked human serum by GC.
Experimental

Reagents
Triton X-100 (Aldrich), Triton X-114 (Sigma), and PONPE10 (Tokyo Kasei) were used as purchased. The chlorpromazine (CP) hydrochloride, pericyazine (PC), and fluphenazine (FUL) dimaleate used were of biochemical grade from Wako Pure Chemical Industries. These chemical structures are shown in Fig. 1 . Water was doubly distilled and further purified with a Milli-Q (Millipore) equipment. All other chemicals were of analytical reagent grade, and were used without further purification.
A BAKERBOND spe column (J.T. Baker 7211-03) was used as a cation-exchange column to separate a surfactant and a phenothiazine. This column was composed of 3 ml size disposable polypropylene columns prepacked with an ionexchange silica gel-based bonded phase of 40 µm particle size and 60 Å pore size contained between two 20 µm polyethylene frits.
Cloud point extraction procedure
An aqueous solution (2 ml) containing the phenothiazine derivative (PC, CP and FUL) and a surfactant (Triton X-100, Triton X-114 and PONPE10) was taken in a test tube with a glass stopper. In the case of Triton X-114, this solution was cooled, because of lower cloud point (24˚C). 20 After adding 100 µl of an ammonia solution, the solution was heated for 10 min in a thermostatic bath. The phase separation was accelerated by centrifuging at 3500 rpm for 15 min, and then an aqueous solution of an upper phase was poured off. In order to decrease the viscosity, a given amount of methanol was added to the surfactant-rich phase. The initial concentrations of PC, CP, and FUL were 2.74 × 10 -5 , 2.81 × 10 -5
, and 1.46 × 10 -5 mol dm -3 , respectively. The concentrations of the surfactant, ammonia, and sodium chloride were varied in the range of 0.5 -7.5 (v/v)%, 0 -2.5 × 10 -2 mol dm -3 , and 0 -0.3 mol dm -3 , respectively. The heating temperature ranged from 40 to 90˚C.
Chromatographic procedures
Prior to the determination by GC, calibration curves of phenothiazine derivatives were made as follows: An ammonia-methanol solution with a known concentration of phenothiazine was evaporated with a rotary evaporator to reduce the volume. The resulting solution was taken in a minivial and evaporated to dryness under reduced pressure. The residue was dissolved in 50 µl of methanol containing an internal standard (I.S.). FUL and CP were used as the internal standard for PC and CP and for FUL, respectively. The peakarea ratio of a sample and I.S. obtained from the gas chromatogram was determined against the amount of sample.
In order to exclude the surfactants, the sample solution obtained by cloud point extraction was loaded on a cation-exchange column conditioned with 2 ml of 0.5 mol dm -3 ammonia-methanol, 2 ml of 0.1 mol dm -3 hydrochloric acid-methanol and 2 ml of methanol. After the column was washed with 6 ml of methanol, the adsorbed phenothiazine was eluted with 3 ml of a 0.2 mol dm -3 ammonia-methanol solution. This eluate was evaporated with a rotary evaporator and the resulting solution was taken into a mini-vial. The following procedure was the same as described above. The recovery percentage of phenothiazine was obtained from a calibration curve.
A GC measurement was carried out with an HP-6890 gas chromatography equipped with a flame ionization detector (Hewlett-Packard, USA) and a non-polar fused-silica wide-bore capillary column (15 m × 0.53 mm i.d., film thickness 1.5 µm, DB-1, J&W Scientific, USA). The GC conditions were: column, injector and detector temperatures of 280, 290 and 290˚C, respectively; the carrier gas was helium. One microliter of the final extract solution was injected into the GC port in the splitless mode.
Determination of phenothiazine derivatives in spiked human serum
The cloud point extraction procedure was almost the same as mentioned above. A sample solution was prepared as follows. The human serum (1 ml) spiking the phenothiazine, a Triton X-114 aqueous solution (2 ml), and a 0.02 mol dm -3 ammonia solution (0.1 ml) were taken in a test tube with a glass stopper. After phase separation, methanol was added to the surfactantrich phase to precipitate the extracted lipids and proteins. A supernatant solution was loaded on the cation exchange column after centrifuging. The concentrations of PC, CP, and FUL spiked in human serum were 1.82 × 10 -5 , 1.93 × 10 -5 , and 1.49 × 10 -5 mol dm -3 , respectively. The Triton X-114 concentrations were 7.5(v/v)% for PC and CP and 5.0(v/v)% for FUL. The heating temperature and time were 60˚C and 10 min, respectively. The determination of phenothiazine derivatives in spiked human serum was carried out three times.
Results and Discussion
Elimination of the surfactant for a GC measurement
The retention times of standard solutions of phenothiazine derivatives were 3.2 min for CP, 7.4 min for FUL, and 11.4 min for PC. Figure 2a shows a gas chromatogram for the Triton X-114-rich phase after cloud point separation. The arrows in Fig.  2a show the retention times of PC and FUL. Thus, many large peaks of Triton X-114 interfere seriously with the determination of PC and FUL. Furthermore, the peak of Triton X-114 can also be detected after 25 min. These results suggest that it was difficult to determine the phenothiazine derivatives in the surfactant-rich phase by GC directly.
The phenothiazine derivatives used in this work should exist as cations in a neutral or acidic solution (pKa 8.76 for PC, 21 9.35 for CP 22 and 7.9 for FUL 23 ). Therefore, the separation of phenothiazine derivatives from surfactants can be accomplished by passing the surfactant-rich phase through a cation-exchange column.
When the surfactant-rich phase containing the phenothiazine derivatives was loaded on the cation exchange column, the surfactants were completely removed by washing with 6 ml of methanol. The adsorbed phenothiazine derivatives 
Investigation of the optimum conditions on the cloud point extraction of phenothiazine derivatives
It is known that the cloud point temperature varies with the salt concentration, and that the recovery of analyte increases with an increase in the salt concentration. 24, 25 Therefore, the effect of the sodium chloride concentration on the recovery of phenothiazine was examined. The cloud point extraction of PC and FUL using 2.5(v/v)% and 5.0(v/v)% Triton X-114, respectively, was carried out at 60˚C for 10 min to obtain the optimum conditions for their extractions. The results are shown in Fig. 3 . The recovery percentage (%R) of PC and FUL drastically decreased with the increase in the sodium chloride concentration. FUL was scarcely recovered at a sodium chloride concentration of 0.3 mol dm -3 . A similar tendency was observed for PC spiked into the surfactant-rich phase after phase separation. These results indicate that the lower recovery of the phenothiazine derivatives should be caused not by the cloud point extraction procedure, but by the surfactant clean-up procedure involving cation exchange. Previous studies have revealed that polyethers, particularly long-chain poly(ethylene oxide) polymers, have strong chelating abilities with cations, such as sodium and potassium ions. [26] [27] [28] Therefore, a large amount of sodium ions may exist in the surfactant-rich phase after the cloud point extraction. These sodium ions may interfere with the adsorption of phenothiazine derivatives on the cation-exchange column.
As mentioned above, phenothiazine derivatives are protonated in neutral and acidic solutions. The protonated species should be more difficult to extract in the surfactant-rich phase than the neutral species. Therefore, an ammonia solution instead of a sodium hydroxide solution was used in order to improve the extraction efficiency of phenothiazine derivatives. The effect of the ammonia solution concentration on the recovery of phenothiazine derivatives was examined using 5.0(v/v)% Triton X-114. The recovery of phenothiazine derivatives increased up to 1.0 × 10 -3 mol dm -3 ammonia concentration, resulting from neutralization of the protonated species of phenothiazine derivatives.
However, the recovery of phenothiazine derivatives decreased above 6.0 × 10 -3 mol dm -3 ammonia concentration, and no phenothiazine derivatives were detected in a 2.5 × 10 -2 mol dm -3 ammonia solution. This may be explained in the same way as mentioned concerning the sodium chloride system. Therefore, a 1.0 × 10 -3 mol dm -3 ammonia solution was employed in subsequent experiments to obtain a higher recovery efficiency.
The cloud point extraction behaviors of phenothiazine derivatives with Triton X-100, Triton X-114, and PONPE10 were investigated. Figure 4 shows the effect of the heating temperature on %R of phenothiazine derivatives using a 5(v/v)% surfactant solution. The cloud points of Triton X-100, Triton X-114, and PONPE10 are about 65, 24, and 61˚C, respectively. 20, 29 The values of %R increased with an increase in temperature, indicating that a higher heating temperature than the cloud point yielded a higher recovery of phenothiazine derivatives. Based on these results, the heating temperatures were chosen at 60˚C for Triton X-114 and at 80˚C for both Triton X-100 and PONPE10. It was also ascertained that an extraction time of 10 min insured equilibrium in all of the systems. Subsequent experiments were carried out at an extraction time of 10 min.
The effect of the surfactant concentration on the extraction efficiency of phenothiazine derivatives was examined. As shown in Fig. 5 , the %R increased up to 5(v/v)%, reaching a plateau. In spite of the lower surfactant concentration, higher %R values were obtained for all phenothiazine derivatives in the case of Triton X-114. Moreover, the highest values of %R were obtained as 99.7% for PC, 96.0% for CP, and 98.1% for FUL at 7.5(v/v)% of Triton X-114. From these results, Triton X-114 was found to be the most effective surfactant for the extraction of phenothiazine derivatives among the three surfactants used.
The determinations of PC, CP and FUL were carried out by cloud point extraction using Triton X-114. The calibration curve for PC showed good linearity from 12.3 to 82.1 nmol with a correlation coefficient of 0.9997 (Fig. 6) . The calibration curve for CP also showed good linearity from 9.0 to 90.3 nmol with a correlation coefficient of 0.9997. The calibration curve for FUL also showed a good linearity from 14.9 to 37.3 nmol with a correlation coefficient of 0.996. The detection limit for three phenothiazine derivatives was about 3 nmol (1.5 × 10 -6 mol dm -3 ) with a signal-to-noise ratio of 3. These results show that cloud point extraction can be used for the determination of phenothiazine derivatives.
Application to the determination of phenothiazine derivatives in spiked human serum by GC
The proposed method was applied to the determination of PC, CP and FUL in spiked human serum by GC. Figure 7a shows a gas chromatogram for a blank after the extraction and clean-up procedure for the human serum without spiking phenothiazine derivatives. The interfering peaks were rarely observed, indicating that lipids, proteins, and non-polar constituents in human serum were completely excluded by the extraction and clean-up procedure. Lipids and proteins were easily excluded by adding methanol to the surfactant-rich phase. The present work demonstrated that cloud point extraction could be used for the preconcentration of trace amounts of phenothiazine derivatives, such as PC, CP and FUL, from biological samples prior to a GC measurement. The %R of phenothiazine derivatives was affected by the sodium chloride and ammonia concentrations, surfactants and their concentrations, and heating temperature. Triton X-114 provided the most efficient recovery of phenothiazine derivatives among the surfactants used. A 10 -9 mol level of phenothiazine derivatives was determined satisfactorily by the proposed method. Lipids and proteins in human serum could be easily excluded upon the addition of methanol to the surfactantrich phase, although it was difficult in the liquid-liquid extraction method. The proposed method can be applied to the determination of various organic compounds, such as drugs and pesticides, in various natural water and biological samples. Also, other detection methods, such as HPLC and GC-MS, can be used for the sensitive and selective detection of analytes after cloud point preconcentration. 
